Abstract -In the present study, gas production of three sources of inocula rumen liquor from fistulated sheep, rumen liquor from slaughtered cattle, and a suspension of sheep faeces, were evaluated to predict the apparent digestibility of ruminant feedstuffs. The highest gas production was obtained with rumen liquor from slaughtered cattle, and the lowest (P < 0.05) with the suspension of sheep faeces. The relationship between gas production and in vivo apparent digestibility was determined on 24 samples of graminaceous (oats (Avena sativa L.), Italian ryegrass (Lolium multiflorum L.), perennial ryegrass (Lolium perenne L.) and maize (Zea mays L.)) at three stages of growth, and on fresh and ensiled forages. The best results for predicting in vivo digestibility were obtained with green forages and sheep rumen liquor. Correlations were not significant for silages (P > 0.05).
INTRODUCTION
The traditional method for measuring gas production, proposed by Menke et al. [19] has the disadvantage of requiring fresh inocula from permanently fistulated animals, and evaluating gas production over 24 hours. In order to avoid these inconveniences, several authors have proposed alternative methods [1, 16, 17, 27] . The advantages of these techniques are to not use surgically modified animals, to simplify the methods and to make a significant contribution to the welfare of laboratory animals.
Khazaal et al. [14, 15] reported that gas production kinetics described by the equation p = a + b (1 -e -ct ) [22] could be used to predict the digestibility and intake of forages. The works of Blümmel and Ørskov [2] and Herrero et al. [12] demonstrated, respectively, that the feed intake of forages and metabolisable energy of Kikuyu grass can be evaluated from in vitro gas production measurements.
In our laboratory, we measured gas production using three sources of inocula [11] : rumen fluid from fistulated sheep (traditional method), rumen fluid from slaughtered animals and a sheep faeces suspension. We also tested the same sources of inocula in order to predict the in vivo apparent digestibility [4] . In order to confirm the results obtained in these studies, in the present work we determined the kinetics of gas production with the three sources of inocula and the effect of increasing incubation times from 24 to 96 h.
MATERIALS AND METHODS

Plant material, animals and diets
The forages used in the experiment (n = 24) were oats (Avena sativa L.), Italian ryegrass (Lolium multiflorum L.), perennial ryegrass (Lolium perenne L.) and maize (Zea mays L.), all at three stages of growth. The material had a known chemical composition and in vivo digestibility (Tab. I). All of them were gramineous, and both fresh and ensiled material were analysed.
Oats (O) were harvested at the 5th leaf (L), boot (B) and at the milky kernel (M) stages. Italian ryegrass (I) was harvested at the appearance of the 4th leaf (L), with 5% of the ear (F) and 100% of the ear (H). Perennial ryegrass (P) was harvested at the 4th leaf (F), 5% ear (F) and the 100% ear (H) stages. Maize (M) was harvested with the kernels at the early milk (E), soft (S) and hard dough (H) stages. All forages were analysed as both fresh (F) and ensiled (E). The fodder was dried at 65 °C and grounded to 1 mm.
Six adult male sheep with body weights of approximately 15 W 0.75 were used per treatment for the in vivo digestibility The other source of inocula was that proposed by El Shaer et al. [10] . Fifty grams of sheep faeces were collected within 1 h of voiding from three sheep with free access to good quality hay (17% crude protein) and water, and also fed 200 g . d -1 of concentrate with 19% crude protein. Faeces were macerated and mixed with 50 mL of Menke medium mixture solution previously saturated with CO 2 . The mixture was subsequently filtered after being made up to 300 mL by adding buffer solution. The pH of the suspension was adjusted to 6.8 using Menke medium mixture.
Statistical analysis
Values for total gas production after 96 hours were submitted to an analysis of variance on the basis of three methods of incubation, four species, three growth stages and two methods of preservation. Nine individual measurements were taken, giving 648 results and the degrees of freedom for error (576) were based upon the number of measurements and their interactions, according to the published method proposed by Steel and Torrie [25] .
Simple and multiple regression analysis were used to investigate the relationship between in vivo digestibility and the variables of gas production with the three sources of inocula.
RESULTS AND DISCUSSION
The variance analysis of the results of gas production at 96 h for the three methods of incubation, four species, three growth stages and two methods of conservation are presented in Table II. The gas production using cattle rumen liquor was significantly greater (P < 0.05) than that using the sheep rumen liquor, which was significantly greater (P < 0.05) than that using the sheep faeces suspension.
determinations. The digestibility trials lasted 21 days: a 14-day adaptation period and a 7-day collection period. The animals were fed ad libitum.
Gas production procedure
Gas production was measured as described by Menke et al. [19] . Two hundred mg of sampled dry matter was weighed in triplicate and placed in a glass syringe to which 30 mL of a mixture of rumen liquor (Menke medium mixture) was added and kept in CO 2 . Subsequently the glass syringe was incubated at 39 ± 0.5 °C in an electrically heated isothermal oven equipped with a rotor, which rolled continuously at 1-2 rpm. Gas production was measured at 4, 8, 12, 24, 48, 72 and 96 hours after the onset of incubation. Differences in the composition and activity of the rumen liquor were controlled by nine parallel measurements, a blank test, and incubation of a roughage and a concentrate standard.
Rumen liquor was obtained from the sheep (n = 3) via a fistula. The animals had free access to good quality hay (17% crude protein) and water and were fed 200 g . d -1 of concentrate with 19% CP.
The inocula source reported by Nicolic' et al. [21] was also employed. Rumen contents were removed from six healthy cattle immediately after slaughter and stored in thermolagged containers. After straining through four layers of gauze, the rumen liquor was mixed with the Menke medium mixture solution and saturated with CO 2 . The use of a high number of donor animals reduced the variability of the microbial activity of the inocula. Data for gas production were fitted to the exponential equation proposed by Ørskov and McDonald [22] :
in which p represents gas production at time (t), and a, b and c represent constant values in the exponential equation.
Gas production from the oats was higher than that from perennial ryegrass which was higher than that from the Italian ryegrass. Gas production from maize was significantly higher than that from the other forages. Gas production was significantly greater from materials at the intermediate growth stage (due to the highest content of fermentable carbohydrates) than at earlier or later stages and greater from fresh than from ensiled material (Tab. II), probably due to a reduction in pH that can decrease ruminal methanogenesis [13] .
The increase in gas production obtained with liquor from slaughtered cows, does not agree with the results obtained by Gonçalves and Borba [11] , at 24 hours incubation time. This can easily be explained by the fact that the feeding of the liquor donor cows is unknown, and could vary. Although we used liquor from six cows to reduce variability of the inocula microbial activity, in fact we introduced a variation source.
Gas production constants, obtained by the methodology described by McDonald [18] , can be found in Table III , for the three sources of inocula. In a first analysis, the r.s.d. of the method that uses sheep rumen liquor, was lower than the r.s.d. from the other two experiments. These results are in accordance with what was observed in variance analysis (Tab. II), in which the potential gas production (b value) was lower with the method that used sheep rumen liquor than the method that used rumen liquor from slaughtered cows, which was greater than that in which the sheep faeces suspension was used.
268 Table II . Variance analysis of the results of gas production obtained by the three methods of incubation, the four species, the three growth stages and two methods of conservation.
n 96 h gas production (ml Oats (O) were harvested at the 5th leaf (L), boot (B) and at the milky kernel (M) stages. Italian ryegrass (I) was harvested at appearance of the 4th leaf (L), with 5% of ear (F) and 100% ear (H). Perennial ryegrass (P) was harvested at the 4th leaf (F), 5% ear (F) and the 100% ear (H) stages. Maize (M) was harvested with the kernels at the early milk (E), soft (S) and hard dough (H) stages. All forages were analysed both fresh (F) and ensiled (E). With the method that used suspension of sheep faeces, the lower values of c indicate that when the suspension of sheep faeces was used as source of inocula, gas production had not ceased by the end of the trial. More trials must be conducted, namely with this source of inocula.
The nutritive value of forages is subject to considerable variation, especially when harvested at different stages of growth and subjected to different methods of conservation. Therefore, a simple, reliable and inexpensive technique that predicts the nutritive value of the forages is very important.
We observed that the method that used sheep rumen liquor (Tab. IV) displayed a significant correlation, both with simple regression and a + b + c to multiple regressions. The values found were lower than the ones related by Khazaal et al. [14] . With the method that used rumen liquor from slaughtered cows (Tab. IV), significant results were achieved just with the c constant, in the case of simple regressions, and with (a +b) + c in the case of multiple regressions. The method did not give results as good as those described by Nicolic' et al. [21] , for in vitro digestibility. With the method that used suspension of sheep faeces (Tab. IV), significant correlations were obtained only with (a + b), on the contrary to that put forth by El Shaer et al. [10] and Omed et al. [23] for in vitro digestibility.
When green forages and silages were separated, it was possible to verify that the method that used sheep rumen liquor gave good results on in vivo apparent digestibility prediction of green gramineae, especially 270   Table IV . Relationship of in vivo DM apparent digestibility (DMD) and gas production characteristics generated from the equation p = a + b (1-e -ct ), using the three sources of inocula. As it is possible to observe, the gas production method can be used to predict the digestibility of green forages if sheep rumen liquor is used. It is important to note that the results from Khazaal et al. [14] were obtained just with hays. Nagali et al. [20] compared fresh forages and hays and reported that no differences were observed in gas production. Susmel et al. [26] observed that the gas production coefficients were moderately correlated with in vivo dry matter digestibility (highest r = 0.708).
In a study that examined the relationship between in vitro gas production, concomitant in vitro apparent and true DM degradability, Blümmel et al. [3] observed that in vitro gas production and in vitro apparent and true degradability of straw are highly correlated (P < 0.0001), r being 0.96 and 0.95 respectively. Gas production alone is never sufficient to predict organic matter digestibility in samples varying in ash, crude with multiple regressions (Tab. V). The same was not observed for silages.
For the method that used sheep rumen liquor, no significant differences were obtained with green fodder or silages (Tab. V). With the method that used suspension of sheep faeces, no significant results were found for green grasses, but some significant differences were found for silages (Tab. V) with (a + b) and with (a + b) + c. Mauricio et al. [16] and Altaf et al. [1] reported that faecal material has a potential as an alternative inocula to rumen liquor for in vitro gas production techniques for estimating total gas production in vitro and in vitro organic matter digestibility.
Khazaal et al. [14] reported that gas production methods have important potential in the prediction of animal performance. These authors have observed the highest accuracy for predicting in vivo DM apparent digestibility from gas production, (a + b), R 2 = 0.583; (a + b) + c, R 2 = 0.608 and a + b + c, R 2 = 0.784, when they use 10 graminaceous and leguminous hays. Also Khazaal et al. [15] observed (a + b),
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Table V. Relationship between in vivo DM apparent digestibility (DMD) of fresh and ensiled forage and gas production characteristics generated from the equation p = a + b (1-e -ct ), using the three sources of inocula. protein (CP), ether extract (EE), as in the present case, since there is not as much gas from CP/EE as from Carbohydrates. Good results are only obtained for homogenous sample pools, for instance in straw [3] where CP does not interfere and where dry matter digestibility is only affected by carbohydrate digestibility which is expressed by gas. The low prediction in silages can be explained by the variability in the preservation levels. Sileshi et al. [24] reported that the use of in vitro gas production parameters in the prediction of rumen dry matter disappearance of forages, depends on the type of forage used. The different phases in the gas production profiles are caused by fermentation of the soluble and non-soluble fractions and by turnover of the microbial population [9] .
CONCLUSION
When comparing the three sources of inocula, it may be concluded that the highest gas production was obtained with the rumen liquor from slaughtered cattle. The use of the sheep faeces suspension gave significantly lower gas production (P < 0.05) than the rumen liquor from slaughtered cattle. Statistical differences (P < 0.05) were also observed between the results of gas production with rumen liquor from slaughtered cattle and from sheep.
The method that uses sheep rumen liquor can be used to predict the in vivo apparent digestibility in fresh forages. The alternative inocula sources did not allow for a good prediction of in vivo apparent digestibility.
